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(57) ABSTRACT 

Composition of salted out cliitosan polymer containing 
mixture of certain sailing out salts as well as methods for 
making and using same are disclosed. Chitosau polymer 
preparations produced by such methods are substantially 
free of cliitosanase, undesirable salts and excess acid and 
retain tlieir physiological as well as biological and pliysico- 
chemical properties. Tlie chitosan preparations of the 
present invention are valuable for the dispensing of biologi- 
cally active cliitosan in forms of drugs or food supplement, 
Mosl-of these preparations easily dissolve in an aqueous 
acidic milieu such as the one of the stomach. 
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SIMPLIFIED METHOD TO RETRIEVE CHITOSAN 
FROM ACIDIC SOLUTIONS THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Tliis application claims priority to U.S. provisional 
application No. 60/534,436 filed Jan. 6, 2004. 

FIELD OF THE INVENTION 

[0002] The present invention relates lo a simplified 
method for retrieving chitosan from aqueous acidic solu- 
tions. More specifically, the present invention concerns a 
method for retrieving chitosan from aqueous acidic solutions 
by addition of salts. 

BACKGROUND OF THE INVENTION 

[()()()3] Chitosan is the deacetylated form of chitin, which 
is a linear polymer of N-acetyl-2-amino-P-D-glucose and 
contains higli contents of amino and hydroxyl functional 
groups. Tliis polycationic polymer is usually prepared com- 
mercially by limited hydrolysis of naturally occurring cliitin 
from the exoskeleton of crustaceans and insects. Cliitin is a 
polymer composed of N-acetyl-p-D-glucosamine (2-aceta- 
mido-2-deoxy-P-D-glucopyranose) monomeric units 
whereas commercially available cliitosan is a heterogenous 
mixture of chitin of different molecular weights, deacety- 
lated to various extents. 

[0004] Chitosan possesses a wide variety of commercial 
and biomedical applications that are related lo the size of the 
molecule and its degi'ee of acetylation. With respect to 
biomedical applications, it has been reported tliat the hypo- 
cholesterolemic efliciency of chitosan increases in an 
inverse relationship to its size and percentage of acetylation 
(LeHoux et al. (1993) Some effect of chitosan on liver 
function in the rat. Endocrinolog)' 132:1078-1084, Siigano 
el al. (1992) Hypocholesterolemic activity of partially 
hydrolyzed chilosans in rals. in Advanced in Chi/in and 
Chitosan, Brine el al., (editors), Elsevier, London, pp. 472- 
478). Other studies have reported that chitosan molecules of 
25 to 50 kiloDaltons (kDa) are elBcienl in the U-ealment of 
stomach ulcers (llo et al. (2000) Anti-ulcer eflBcls of cliitin 
and chitosan, healthy foods, in rals. Japanese Journal of 
Pharmacology 82:218-225) and the prevention of tumor 
growth in a mouse model through the activation of intestinal 
immune functions (Maeda et al. (2004) .A.ntitmnor elTecls of 
various low-molecular-weight chilosans are due to increased 
natural killer activity of intestinal intraepithelial lympho- 
cytes in sarcoma 1 80-bearing mice . . . Journal of Nutrition 
134:945-950). Chitosan molecules of 28 kDa 'have been 
used as nanoparticles for the controlled release of drugs 
(medications) (Chen et al. (2003) Emulsification for tlie 
self-aggregation and nanoparticle formation of linoleic acid- 
modified cliitosan in the aqueous system. Journal of Agri- 
culture and Food Chemistry 51:3135-3139). Low molecular 
weight cliitosans (LMWC) («=2 kDa) have been used in 
agriculture as anti-fungal agents to protect tubercules, salads 
and tobacco seeds (Beaulieu et al. (2003) Potential use of 
chitosan in agriculture: growth stimulation and biological 
control of plants disease. 9* International Chitin-Chitosan 
Conl'erence, Montreal, Quebec, Canada, August 27-30). In 
contrast, chitosan of 400 kDa has been shown to be a 
suitable veliicle in a DNA vaccination approach of desen- 



siti2ation to peanut allergens in mice (Roy et al. (1999 Oral 
gene delivery with cliitosan-DNA nanoparticles generates 
inummologic protection in a murine model of peanut allergy. 
Nature Medicine 5:387-391). Tliese few examples illustrate 
the remarkable array of applications of chitosan and the 
importance of the size of the chitosan molecule for specific 
applications. It follows that targeted applications of chitosan 
require a well-characterized product that must be prepared 
under rigorously reproducible conditions. 

[0005] Tlie molecular sizes of conmiercially available 
cliitosans generally vary between 70 kDa and more tlian 
1000 kDa, whereas the percentage of deacetylation is usu- 
ally in the range of about 50-100%. The percentage of 
deacetylation of cliitin and its depolymerization lo yield 
cliitosan are a fmiction of the conditions of the chemical 
treatment with aqueous base. Extended treatments lead lo 
more fragmented molecules of chitosan, a properly ktiown 
as polydispersion. Polydispersed chitosan preparations are 
less desirable based on the observations of its size- and 
deacetylation-relaled properties, as discussed above. 

[0006] Controlled enzymatic hydrolysis of commercially 
available chitosan polymers is the only reproducible method 
tliat exists to generate a product possessing a low dispersity 
and defined molecular weiglit properties. Tlie physical char- 
acteristics of the starting material (chitosan) are important 
(size, percentage of acetylation) because they will influence 
tlie conditions of enzymatic digestion. CommeFcial cliito- 
sans vary in size and tliis properly influences the time 
required for the production of depolymerized chitosans of 
defined molecular sizes for commercial applications in the 
areas of biomedicine, agriculture, cosmetics and others. 

[0007] Enzymatic digestion of chitosan with a chitosanase 
is the only method that can be used to reproducibly generate 
LMWC with a low degree of polydispersity. Chitosanase is 
an enzyme that possesses a high degree of specificity for 
cliitosan (Brzezinslo (1996) Enzyme of use in chitosan 
hydrolysis. U.S. Pat. No. 5,482,843). Chitosan digestion 
with chitosanase is performed in a wealdy acidic solution. 
Several experimental conditions must be controlled, among 
which are: 

[0008] Tlie enzymatic digestion must be rapidly stopped to 
prevent further depolymerization of chitosan and the gen- 
eration of a polydispersed product. 

[0009] An easy-to-use methodology must be employed to 
isolate the product of digestion rapidly and in a solid form 
tliat facilitates drying, ideally into a powder form. This 
consideration is liiglily desirable when large quantities (e.g. 
several hundred kilograms) of chitosan are lo be processed 
for commercial purposes. 

[0010] The product of digestion must be free of the 
enzyme (chitosanase). 

[0011] The hydrolyzed product must be isolated under 
conditions that make it fit for human uses, especially when 
applications in the biomedical field are souglit. 

[0012] In the case of the use of chitosan as a food 
supplement, the product of hydrolysis must easily dissolve 
in an aqueous acidic milieu such as the one of the stomach. 
This condition limits the number of methodologies that can 
be used to retrieve tlie product from tlie acidic solution used 
for its enzymatic digestion or from other processes. 
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[0013] A number of methodologies have been used to 
isolate chitosan from aqueous acidic solutions. The most 
commonly used lecluiique is to decrease the solubility of 
chitosan by raising the pH tlirough addition of aji inorganic 
base (as an example, sodium or potassium hydroxide). This 
procedure is very efficient to precipitate chitosan from such 
solutions but it suffers from the fact that the resulting 
mixture is liiglily viscous, making the isolation of precipi- 
tated chitosan difBcult by conventional tecluiiques of sepa- 
ration. Furthermore, tlie desired product must be free of 
excess base. This can be accomplished only at the expense 
of extensive wasliings, an approach that is time-consuming 
and that results in an appreciable loss (mechanical or by 
dissolution) of chitosan. Anotlier aspect that ought to be 
taken into account when cliitosan is hydrolyzed by treaUiient 
witli a chitosanase is the possibility that chitosanase is 
concomitantly precipitated and may still remain active due 
to its resistance to pH treatment and/or remains as a con- 
taminant in the processed product after tlie precipitate has 
been freed of excess base. One furtlier point of paramount 
importance is that the final product must be free of contami- 
nating alkali, especially if it is to be used for biomedical 
purposes. 

[0014] .All often efBcienl method of precipitation of clii- 
tosan from aqueous solutions consists in the addition of 
polyphosplioric acid (Shu et al. (2002) The influence of 
multivalent phosphate stnicture on the properties of iom- 
cally cross-linlced chitosan films for controlled drug release. 
European Journal of Pharmacology and Biopharniacolog)/ 
54:235-243) or polyphosphate salts (Chiou et al. (2003) 
Method of adsorbing dye in aqueous solution by chemical 
cross-linl'Ced cliitosan beads. US Patent Application publi- 
cation No. 20030101521. The phosphate salts of chitosan 
are insoluble in aqueous media. However, the major draw- 
back of this method is that the phosphate salts of chitosan are 
poorly soluble in a physiological acidic environment such as 
tlie gastric milieu of the stomach. 

[0015] It is of interest to point out further, that heat has 
been used to stop the action of chitosanase when chitosan is 
prepared by treatment with a chitosanase. In tliis instance, 
the inherent stability of chitosanase to heat denaturation 
requires raising tlie temperature of the reaction to 60° C. or 
more. This temperature favors tlie well-described and 
known Maillard reaction (O'Brien et al. (editors) (1 998) The 
Maillard reaction in food and medicine. Royal Society of 
Chemisir)', Cambridge, UK; Ikan. (editor) (1996) Tlie Mail- 
lard reaction. Jolin Wiley & Sons, New York, N.Y., USA) 
which leads to partial decomposition of chitosan and Uie 
generation of colored products resulting from the reaction of 
tlie primary amines of the cliitosan molecules. Tliis behavior 
is liighly undesirable since these same amino groups are 
important for the biological properties of chitosan. Two 
additional points are of further interest. First, heat-denatured 
chitosanase may precipitate and be carried over in the 
subsequent steps of isolation of chitosan (e.g. by precipita- 
tion). Second, the partial resistance of chitosanase to heat 
denaturation may allow its renatiiration and partial recovery 
of activity, adding to tlie possibility of fiirther digestion of 
cliitosan. 

[0016] Overall, the current methods of precipitation and 
isolation of chitosan from chemical or enzymatic hydroly- 
sates are therefore not adequate. Easy-to-use nietliodologies 
providing higli yields of chitosan suitable for commercial 



uses, and especially for biomedical uses are of the utmost 
interest. The current art to isolate chitosan from aqueous 
acidic solutions, by raising the pH thereof by the addition of 
alkali or the formation of insoluble salts of chitosan does not 
fulfill tliese requirements. 

[0017] Therefore, there remains a need for a simple, 
reliable, reproducible method for retrieving cliitosan in higli 
yields from chemical or enzymatic hydrolysates and which 
is suitable for commercial uses, and especially for applica- 
tions related to the food and biomedical industries. 

[0018] There is also a need for a method for retrieving 
cliitosan from acidic solutions wliich would provide a prod- 
uct free of contaminants (e.g. chitosanase, undesirable salts) 
and which is easily dissolved in aqueous acidic milieu 
compatible with human use. 

[0019] The present invention seeks at satisfying these 
needs and other needs. The present description refers to a 
number of documents, the content of which is herein incor- 
porated by reference in tlieir entirety. 

SUMMARY OF THE INVENTION 

[0020] In a broad sense, the present invention therefore 
relates to a chitosan preparation and method of preparation 

thereof. 

[0021] In one embodiment, the present invention concerns 
a method for retrieving chitosan from aqueous acidic solu- 
tions. In an embodiment, the present invention relates to a 
method for retrieving chitosan from aqueous acidic solutions 
by the addition of salting out salts (e.g. kosmotropic salts, 
mixture thereof, mixture of chaotropic and kosmotropic 
salts, etc), such as food compatible and biomedically com- 
patible inorganic or organic salts. 

[0022] In an embodiment, the present invention relates to 
a method for retrieving chitosan from acidic solution by 
means of the addition of a salting out agent such as the salt 
of an inorganic acid. In a furtlier embodiment, the present 
invention relates to a method for retrieving chitosan from 
acidic solutions by means of the addition of a salt of an 
organic acid suitable for human ingestion. The addition of a 
salting out salt (and combination thereof or kosmotropic 
salts (and combination thereof), or a combination of kos- 
motropic and chaotropic salts creates a salting out effect by 
reorganizing water molecules witli the added salt resulting in 
the dehydration of the dissolved cWtosan molecules and 
their precipitation from solution. 

[0023] In one embodiment, the salting out reaction is 
performed under non-denalurating conditions. Non-limiting 
examples of pH values that may be used in accordance with 
the present invention are between about 3 and about 7 (e.g. 
3, 3.5, 4, 4.5, 5, 4.5, 6, 6.5, and 7). Non-limiting examples 
of temperatures at which the methods of the present inven- 
tion may be performed include teniperafures between about 
4° C, and about 55° C. (e.g. 4, 6, 8, 10, 12, 14. 16, 18, 20, 
25, 28. 30, 32, 35, 38, 40, 42, 45, 48, 50, 52, 55° C). 
Temperatures higlier (e.g. 60, 65, 68° C. etc) or lower (3, or 
2° C.) may also be used in accordance with the present 
invention. For the sake of brevity, the units (e.g. pH of 3.2, 
3.4, 5.7, 6.8 etc and temperature of 5, 7, 9, 21, 22° C. etc) 
have not been specifically recited but are nevertheless con- 
sidered within tlie scope of the present invention. 
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[0024] The present invention ftirtlier relates to a method 
for retrieving cliitosan from acidic solutions, such retrieved 
cliitosan having conserved the physical properties of native 
cliitosan such as ionic charges and molecular sizes. Chitosan 
polymers of molecular weiglits approximating 7 to molecu- 
lar weights approximating hundreds of kDa and liiglier (for 
example 300 centipoises) can be precipitated by the methods 
of the present invention. The methods described in the 
present invention further apply lo chitosan polymers with 
degrees of acetylation approximating 0% lo degrees of 
acelylation approximating at least 50%. 

[0025] In addition, the present invention further relates to 
a method for salting out chitosan from acidic solutions 
enabling the production of a precipitated chitosan prepara- 
tion having a non-viscous, fiber-like appearance. Therefore, 
such a chitosan preparation can easily be recovered from 
acidic solutions using simple conventional teclmiques such 
as ultrafiltration, centrifiigation, or other known and usual 
nietliods of recovery of a solid phase from a liquid phase. 

[0026] In another embodiment, the invention relates to a 
method of retrieving chitosan from acidic solutions suitable 
for purification from enzymatic hydrolysate's enabling the 
selective salting out of chitosaji over chilosanase. Tliis 
selective salting out prevents further hydrolysis of cliitosan 
thus reducing its polydispersily and yieldmg in a cliitosan 
preparation which is substantially free of cliitosanase. 

[0027] In a further embodiment, the present invention 
relates to a chitosan preparation containing negligible 
amounts of chilosanase. The present invention provides a 
method for recovering chitosan from acidic solutions; such 
recovered chitosan preparation can be easily freed of tlie 
salting out salt(s) (e.g. kosmotropic salts, mixture thereof 
and mixture of chaotropic and kosmotropic salts) as well as 
other soluble substances. In an embodiment, the chitosan 
preparations of the present invention acliieve recovery levels 
of at least 90% (e.g. 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 
100%). In another embodiment, the chilosan preparations of 
tlie present invention acliieve recovery levels of at least 95% 
(e.g. 95, 96, 97 98 99 100%). In a further embodiment the 
cliitosan preparations of the present invention achieve recov- 
ery levels of at least 98%. 

[0028] In addition, the invention relates lo a method for 
purifying chitosan from acidic solutions and to a preparation 
of chitosan obtained therefrom. Such purified chitosan 
preparation being suitable for human or animal consiuuption 
therefore satisfying the criteria required in biomedical appli- 
cations or as a food additive. 

[0029] In an embodiment, the invention relates to a 
metliod for purifying chitosan of various molecular sizes. 
Tlie chitosan obtained by the methods of the present inven- 
tion can easily be dried, and the ensuing powder is readily 
soluble in dilute organic and preferably inorganic acids such 
as hydrochloric acid solutions similar to the acid content of 
tlie stomach. This property is higlily suitable in cases 
wherein the cliitosan preparation is used as a food additive. 
In an embodiment, the present invention also relates to 
cliitosan preparations of a chosen molecular size or sizes, 
which are readily soluble in dilute hydrochloric acid solu- 
tions. In an embodiment tliis dilute hydrochloric acid solu- 
tion mimics the acid content of the stomach. 

[0030] In anotlier embodiment, tlie present invention 
relates to a chitosan preparation substantially or totally free 



of chitosanase, suitable for human consumption, soluble in 
an aqueous acidic milieu such as in the stomach and sub- 
stantially free of precipitating salts (e.g. sailing out salts). 

[0031] Other advantages and features of the present inven- 
tion will become more apparent upon reading of tlie follow- 
ing non-restrictive description of illustrative embodiments 
thereof, given by way of example only. 

[0032] Unless defined otherwise, the scientific and tech- 
nical temis and nomenclature used herein liave the same 
meaning as commonly understood by a person of ordinary 
skill to wliich this invention pertains. 

Definitions 

[0033] The use of tlie word "a" or "an" when used in 
conjunction with the tenn "comprising" in the claims and/or 
the specification may mean "one" but it is also consistent 
with tlie meaning of "one or more", "at least one", and "one 
or more than one". 

[0034] Tlirougliout tliis application, the term "about" is 
used to indicate that a value includes the standard deviation 
of error for the device or method being employed to deter- 
mine the value, hi general, the terminology "about" is meant 
lo designate a possible variation of up to 10%. Therefore, a 
variation of 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10% of a value is 
included in tlie term about. 

[0035] As used in this specification and claim(s), the 
words "comprising" (and any form of comprising, such as 
"comprise" and "comprises"), "having" (and any form of 
having, such as "have" and "has"), "including" (and any 
form of including, such as "includes" and "include") or 
"containing" (and any form of containing, such as "con- 
tains" and "contain") are inclusive or open-ended and do not 
exclude additional, un-recited elements or method steps. 

[0036] As used herein, Uie term "purified" refers to a 
molecule (e.g. chitosan) having been separated from a 
component of the composition in which it was originally 
present. Thus, for example, chitosan has been purified lo a 
level not found in nature. A "substantially pure" molecule is 
a molecule that is lacldng in most other components (e.g., 
30, 40, 50, 60, 70, 75, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% free of 
contaminants). By opposition, tlie term "crude" means mol- 
ecules thai have not been separated from the components of 
the original composition in which it was present (e.g. an 
acidic solution comprising chitosanase). Therefore, the 
terms "separating" or "purifying" refers lo methods by 
which one or more components of the sample are removed 
from one or more other components of the sample. Sample 
components include extracts from tlie exoskeleton of insects 
or animals (including cnistaceans etc) as well as commer- 
cially available chitosan preparation. The extracts may 
include all or parts of the components originally found in the 
natural source. Thus, apart from chilosan, the extract may 
include oUier components, such as proteins (e.g. cliitosan- 
ase), carbohydrates, lipids or nucleic acids. In one embodi- 
ment, a separating or purifying step removes at least about 
50% (e.g., 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 
99, 100%) of the otlier components present in the sample 
from the desired component. In another embodiment, Ihe 
purifying step removes at least about 80% (e.g., 80, 81, 82, 
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 
99, 100%) and, in a further embodiment, at least about 95% 
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(e.g., 95, 96, 97, 98, 99, 100%) of the other components 
present in the sample from the desired component. For the 
sake of brevity, the units (e.g. 66, 67 . . , 81, 82, ... 91, 92% 
. . . ) have not systematically been recited but are considered, 
nevertheless, witliin tlie scope of the present invention. 

[0037] "Acidic environment", "acidic conditions" or 
"acidic pH level" is intended to cover all pH levels less tlian 
about 7. However, for tlie purpose of the present invention, 
pH levels of about 2 to about 6 are preferred pH levels when 
referring to an acidic solution for the salting out of chitosan 
from an acidic aqueous environment. Non-limiting 
examples of weak organic acids tliat may be used in accor- 
dance with the present invention include malic acid and 
lactic acid. Other examples of acids that may be used include 
acetic acid and chloric acid (HCl). In the case of acetic, 
lactic and malic acids, the preferred concentration is about 
5 to 10%, on a volume basis, hi the case of HCl, tlie 
preferred concentration is about 0.2N. Of course other 
concentrations of acids may be used in accordance witli the 
present invention. 

[0038] Precipitation occurs in solution when two chemi- 
cals react together or when conditions are changed (e.g. by 
the addition of salts, change in temperature, atmospheric 
pressure or pH of a solution) to form a product tliat is 
insoluble in solution and falls out of solution like rain or 
snow. .A. "precipitate" is a solid substance that separates from 
solution as a result of a chemical reaction or change in 
condition (e.g. salting out reaction). A precipitate can con- 
sists of more or less hne particles and may be idenlilied by 
the cloudy, milky, gelatinous, or grainy appearance it gives 
to the mixture. The solid might even settle to the bottom of 
the container. 

[0039] In a broad sense, the term solubility is defined as 
the ability or tendency of one substance to dissolve into 
another. The solubility of a compound may be total or 
fractional and varies depending on the physico-chemical 
characteristics of the solvent in which it is incorporated (e.g. 
temperature, pressure, pH, etc). Tlie molar solubility is 
delined as the maximum amount of solute that will dissolve 
in mol per liter of solution. "The solubility" of a substance 
may also be expressed as the greatest amount (expressed 
either in grams or moles) that will dissolve in a specified 
volume of solvent under particular conditions. 

[0040] Cloud point: For the purpose of the present inven- 
tion, the cloud point is the concentration of salting out salts 
(e.g. kosmotropic salts, mixture thereof, mixtures of kos- 
motropic and chaotropic salts, salts of an organic or inor- 
ganic acid, etc) at which chilosan starts to precipitate under 
particular conditions (pH, temperature, molecular weight of 
cliitosan, degree of deacetylation, ambient pressure and 
particular salt used for salting out). The cloud point may be 
determined by simple visual inspection (when the solution is 
no longer homogenous, i.e. when it becomes cloudy or 
turbid). The cloud point may also be determined by more 
precise analytical methods well laiown in the art by mea- 
suring the amount of chitosan precipitated by a given 
concentration of salt under given conditions (e.g. cliitosan of 
a given molecular weight and of a certain degree of deacety- 
lation at a given temperature and pH). .Analytical methods 
that may be used in accordance with the present invention 
include calorimetric methods such as the metliod using the 
Cibracon brilliant red 3B-A dye developed by Muzzarelli 



(1998) (Colorimetric determination of chitosan. Analytical 
Biochemistry 260; 255-257), the picric acid method pub- 
lished by Neugebauer et al. (1989) (Determination of the 
degree of N-acetylation of chitin-cliitosan with picric acid. 
Carbohydrate Research 189, 363-369), the less reliable 
(Hugerth et al. (1997) The eifect of charge density and 
conformation on the polyelectrolyte complex foniiation 
between carrageenan and chitosan. Carboliydrate Polymers 
34 149-156) niiJiydrin method described by Curotto and 
Aros (1 993) (Quantitative determination of chitosan and the 
percentage of free amino groups. Analytical Biochemistry 
211:240-241) or methods derived therefrom. Other methods 
well known in the art, based for example on tlie use of 
antibodies specific for chitosan, may also be used in accor- 
dance with tlie present invention (e.g, immunoprecipitation 
or enzyme linked immunosorbant assays (ELISA)). Non- 
liniituig examples of cliitosan antibodies tliat may be used 
are given in Sorlier et al., (2003) (Preparation and develop- 
ment of anti-chitosan antibodies. Journal of Biomedical 
Material Research 67A:766-774). 

[0041] The term "chaotropic" means chaos-forming, a 
tenn which in biochemistry, usually refers to a compound's 
ability to disrupt the regular hydrogen bond structures in 
water. This hydrogen bonding profoundly affects Uie sec- 
ondary structure of biopolymers such as DNA, RNA, pro- 
teins and polysaccharides (e.g. chitosan) as well as their 
solubility in aqueous media. A chaotropic salt decreases 
structure (increases chaos) by breaking up hydrogen bond- 
ing and hydrophobic interactions. Non-limiting examples of 
chaotropic (destabilizers) salts include NaClO'', NaSCN, 
NaNO and NaBr. By opposition, kosmotropic (stabilizer) 
salts exliibit strong interactions with water molecules. Tlius 
the water molecules become organized aroimd the kosmo- 
tropic salt ions to such a degree tliat its normal organization 
around the solute is decreased and the solute is able to 
associate in a solid phase (i.e. precipitate). Non-limiting 
examples of kosmotropic (stabilizers) salts include Na-SO'*, 
Na citrate, Na tartrate and NaH'PO''. 

[0042] "Salting out". The "salting out" effect decreases the 
solubility of the solute by increasing the organization of 
water molecules around the ions instead of the solute. It is 
primarily the result of the competition between the added 
salt ions and the other dissolved solutes for molecule of 
salvation. At high salt concentration, so many of the added 
ions are solvated that the amount of bulk solvent available 
becomes insufBcienl to dissolve other solutes (e.g. chitosan). 
Hence solute-solute interactions become stronger than sol- 
ule-solvant interactions. Tliis salting out effect results in the 
dehydration of the solute and its precipitation from solution 
(Collins and Washabaugh (1985) Tlie Hofmeister effect and 
tlie behaviour of water at interfaces. Quarterly Review of 
Biophysics 18:323-422; Cacace et al, (1997) The Hofmeis- 
ter series: salt and solvent effects on interfacial phenomena. 
Quarterly Review of Biophysics 30:241-277; Kiuiz et al. 
(2004) 'Zur Lelire von der Wirkung des Salze' (about the 
science of the effect of salts): Franz Hofmeister's historical 
papers. Current Opinion in Colloid and Interface Science 
9:19-37). Thus, if the concentration of neutral salts is at a 
high level (e.g. >0.1 M), in many instances the protein 
precipitates. The decrease in solvation and neutralization of 
tlie repulsive forces allows the proteins to aggregate and 
precipitate. 
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[0043] Salting out salts. The salting out salts of the present 
invention are generally characterized by their ability to 
decrease chitosaii solubility by increasing the organization 
of water molecules around tliem instead of chitosan (salting 
out effect). Thus, as used herein, the term "salting out salt" 
is meant to include any salt that causes the dehydration and 
precipitation of cliitosan from an aqueous solution (e.g. 
kosmotropic salts, mixture thereof, inorganic or organic 
salts, mixtures of chaotropic and kosmotropic salts, etc), 

[0044] Tlie term "sall(s)" as used herein, is understood as 
being acidic and/or basic salts formed with inorganic and/or 
organic acids and bases. Zwitterions (internal or iimer salts) 
are understood as being included within the term "salt(s)" as 
used herein, as are quaternary ammonium salts such as 
alkylammonium salts. Nontoxic, pharmaceutically accept- 
able salts are preferred, although other salts may be useful, 
as for example in isolation or purification steps. 

[0045] Examples of acid addition salts include but are not 
limited lo acetate, adipate, alginate, aspartate, benzoate, 
benzenesulfonale, bisulfate, butyrale, citrate, camphorale, 
camphorsulfonale, cyclopentanepropionale, digkiconale, 
dodecylsiiHale, ethanesuHbnale, iimiarale, glucoheplanoate, 
glycerophosphale. hemisulfale, heplanoale, hexanoale, 
hydrochloride, hydrobromide, hydroiodide, 2-hydroxy- 
ethanesulfonale, lactate, maleate, methanesulfonate, 2-naph- 
thalenesulfonate, nicotinate, oxalate, pectinate, persulfate, 
3-phenylpropionate, picrate, pivalate, propionate, succiiiate, 
tartrate, thiocyanate, tosylate, and undecanoate. 

[0046] Examples of basic salts include but are not limited 
to ammonium salts; alkali metal salts such as sodium, 
lithium, and potassium salts; alkaline eartli metal salts such 
as calcium and magnesium salts; salts comprising organic 
bases such as amines (e.g., dicyclohexylamine, allvylamines 
such as t-butylamine and t-amylamine, substituted alky- 
lamines, aryl-alkylamines such as benzylamine, dialky- 
lamines, substituted dialkylamines such as N-metbyl glu- 
caniine (especially N-methyl D-glucamine), trialkylamines, 
and substituted trialkylamines). 

[0047] The terms "halogen" or "halo" as used herein, is 
understood as being chlorine, bromine, fluorine and iodine. 

[0048] The present invention is further illustrated by the 
following specific examples. Tlie examples are provided for 
illustration only and should not be construed as limiting the 
scope of the invention in any way. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] Having thus generally described the invention, 
reference will be made to the accompanying drawings, 
showing by way of illustration only an illustrative embodi- 
ment thereof and in which: 

[0050] FIG. 1 shows the efficiency of trisodium citrate to 
salt out (i.e. precipitate) 92% deacetylated cliitosan of vari- 
ous molecular sizes deterajined with a triple detector array 
apparatus equipped with a low angle liglit scattering device 
(Vlscotek Corporation) from enzymatic hydrolysates of a 
240 kDa chitosan (Vanson HaloSource). Experiments were 
conducted at 4° C. 

[0051] FIG. 2 shows the efficiency of trisodium citrate to 
salt out (i.e. precipitate) 92% deacetylated cliitosan of vari- 
ous molecular sizes determined with a triple detector array 
apparatus equipped with a low angle light scattering device 
(Viscotek Corporation, Houston, Tex., USA) from enzy- 



matic hydrolysates of a 240 IcDa chitosan (Vanson. Halo- 
Source). Experiments were conducted at room temperature. 

[0052] FIG. 3 shows the efficiency of aiimionium sulfate 
to salt out (i.e. precipitate) 92% deacetylated cliitosan of 
various molecular sizes determined with a triple detector 
array apparatus equipped widi a low angle liglit scattering 
device (Viscotek Corporation) from enzymatic hydrolysates 
of a 240 kDa chitosan (Vanson HaloSource). Experiments 
were conducted at 4° C. 

[0053] FIG. 4 shows the efficiency of anmionium sulfate 
to salt out (i.e. precipitate) 92% deacetylated cliitosan of 
various molecular sizes determined with a triple detector 
array apparatus equipped with a low angle liglit scattering 
device (Viscotek Corporation) from enzymatic hydrolysates 
of a 240 kDa chitosan (Vanson HaloSource). Experiments 
were conducted at room temperature. 

[0054] FIGS. 5a, 5b and Sc show the efficiency of sodium 
sulfate to salt out (i.e. precipitate) chitosan (30 kDa prepared 
by enzymatic hydrolysis, 92% deacetylated) at 4° C. (So), 
room temperature (5b) and 50° C. (5c). 

[0055] FIGS. 6a, 6b and 6c show the efficiency of triso- 
dium citrate to salt out (i.e. precipitate) chitosan (30 kDa 
prepared by enzymatic hydrolysis, 92% deacetylated) at 4° 

C. (6o), room teniperamre (66) and 50° C. (6c). 

[0056] FIGS, la, lb and Ic show the efficiency of anmio- 
nium sulfate to salt out (i.e. precipitate) cliitosan (30 kDa 
prepared by enzymatic hydrolysis, 92% deacetylated) at 4° 
C. {la), room temperature {lb) and 50° C. (7c). 

[0057] FIGS, So, 86 and 8c show the efficiency of diso- 
dium tartrate to salt out (i.e. precipitate) chitosan (30 kDa 
prepared by enzymatic hydrolysis, 92% deacetylated) at 4° 
C. (8o), room temperature (86) and 50° C. (8c). 

[0058] FIGS. 9a, 9b and 9c show the efficiency of sodium 
phosphate monobasic to salt out (i.e. precipitate) chitosan 
(30 kDa prepared by enzymatic hydrolysis, 92% deacety- 
lated) at 4° C. (9a), room temperature (96) and 50° C. (9c). 

[0059] FIGS. 10a, 106 and 10c show the efficiency of 
disodium malate to salt out (i.e. precipitate) chitosan (30 
kDa prepared by enzymatic hydrolysis, 92% deacetylated) at 
4° C. (10a), room temperature (106) and 50° C. (10c). 

[0060] FIGS, llo, 116 and 11c show tlie efficiency of 
sodium nitrate to salt out (i.e. precipitate) chitosan (30 kDa 
prepared by enzymatic hydrolysis, 92% deacetylated) at 4" 
C. (llo), room temperature (116) and 50° C. (11c). 

[0061] FIGS. 12o, 126 and 12c show the efficiency of 
sodium phosphate dibasic to salt out (i.e. precipitate) clii- 
tosan (30 kDa prepared by enzymatic hydrolysis, 92% 
deacetylated) at 4° C. (12a), room temperature (126) and 50° 
C. (12c). 

[0062] FIGS. 13o, 136 and 13c show the efficiency of 
disodium succinate to salt out (i.e. precipitate) chitosan (30 
kDa prepared by enzymatic hydrolysis, 92% deacetylated) al 
4° C. (13a), room teinperalure (136) and 50° C. (13c). 

[0063] FIGS. 14a, 146 et 14c show the efficiency of 
sodium acetate to salt out (i.e. precipitate) chitosan (30 kDa 
prepared by enzymatic hydrolysis, 92% deacetylated) al 4° 
C. (14o), room temperature (146) and 50° C. (14c). 

[0064] FIGS. 15a and 156 show the efficiency of disodium 
malonate to salt out (i.e. precipitate) chitosan (30 kDa 
prepared by enzymatic hydrolysis, 92°/o deacetylated) at 4° 
C. (15o) and room temperature (156). 
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[0065] FIGS. 16a, 16b and 16c show the efBciency of 
.sodium lactate to sah out (i.e. precipitate) cliilosaii (30 kDa 
prepared by enzymatic hydrolysis, 92% deacetylated) at 4° 
C. (16a), room temperature (166) and 50° C, (16c). 

[0066] FIGS. 17fl and 176 show the efficiency of sodium 
propionate to salt out (i.e. precipitate) chitosan (30 kDa 
prepared by enzymatic hydrolysis, 92% deacetylated) at 4° 
C. (17fl) and room temperature {lib). 

[0067] FIGS. ISa and 18b show the comparative eflScien- 
cies of salting out inorganic and organic salts used at a 1:1 
(ISa) and 4:1(186) ratio to dissolved chitosans to salt out 
(i.e. precipitate) chitosan (30 kDa prepared by enzymatic 
hydrolysis, 92% deacetylated) at 4° C, room temperature 
and 50° C. 

[0068] FIGS. 19a and 19b show tlie efBciency of ammo- 
nium sulfate to salt out (i.e. precipitate) chitosan (240 kDa 
from Vanson Halosource, 92% deacetylated) at 4° C. (19a) 
and room temperature (196). 

[0069] FIGS. 20a and 206 show the efficiency of sodium 
sulfate to salt out (i.e. precipitate) chitosan (240 IcDa from 
Vanson Halosource, 92% deacetylated) at 4° C. (2Qa) and 
room temperature (206). 

[0070] FIGS. 21o and 216 show the efBciency of trisodium 
citrate to salt out (i.e. precipitate) chitosan (240 kDa from 
Vanson Halosource, 92% deacetylated) at 4° C. (21a) and 
room temperature (216). 

[0071] FIGS. 22a and 226 show the efficiency of sodium 
phosphate monobasic to salt out (i.e. precipitate) chitosan 
(240 kDa from Vanson Halosource, 92% deacetylated) at 4° 
C. (22a) and room temperature (226), 

[0072] FIGS. 23o and 236 show the comparative efiBcien- 
cies of salting out inorganic and organic salts used at a 
l:l(23(j) and 4:1(236) ratio relative to dissolved chitosan to 
salt out (i.e. precipitate) chitosan (240 kDa from Vanson 
Halosource, 92% deacetylated) al 4° C. and room tempera- 
ture. 

[0073] FIGS. 24o and 246 show tlie efBciency of ammo- 
nium sulfate to salt out (i.e. precipitate) a liigh molecular 
weiglit (HMW) chitosan (300 cps, 92% deacetylated, from 
Vanson Halosource) at 4° C. (24o) and room temperature 
(246). 

[0074] FIGS. 25a and 256 show the efficiency of sodium 
sulfate to salt out (i.e. precipitate) a liigli molecular weiglit 
(HMW) chitosan (300 cps, 92% deacetylated, firom Vanson 
Halosource) at 4° C. (25a) and room temperature (256). 

[0075] FIGS. 26o and 266 show the efficiency of sodium 
phosphate monobasic to salt out (i.e. precipitate) a liigh 
molecular weight (HMW) chitosan (300 cps, 92% deacety- 
lated, from Vanson Halosource) at 4° C. (26o) and room 
temperature (266). 

[0076] FIGS. 27a and 276 show the efficiency of trisodium 
citrate to sail out (i.e. precipitate) a higli molecular weight 
(HMW) chitosan (300 cps, 92% deacetylated, from Vanson 
Halosource) at 4° C. (27o) and room temperature (276). 

[0077] FIGS. 28a and 286 show the comparative efficien- 
cies of salting out inorganic and organic salts used at a 1:1 
(28a) and 4:1(286) ratio to dissolved cliitosan to salt out (i.e. 
precipitate) a liigh molecular weiglit (HMW) chitosan (300 
cps, 92% deacetylated, from Vanson Halosource) at 4° C. 
and room temperature. 



DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0078] An easy-to-use and reproducible protocol is 
described herein to allow high yields and quick recovery of 
chitosan dissolved in aqueous acidic solutions. The protocol 
is based on the principle of reorganization of the hydrated 
shell of the chitosan polymer by addition of salting out salts 
(e.g. kosmotropic salts, mixture thereof, mixture of chao- 
tropic and kosmotropic salts, etc). Non-limiting examples of 
salting out salts include the sodium or potassium salts of 
citric acid, malic acid, tartaric acid, malonic acid, acetic 
acid, lactic acid, succinic acid, propionic acid or phosphoric 
acid. The ammonium, potassium or sodium salts of sulfuric 
acid and the sodium or potassium salts of nitric acid can also 
be used effectively in accordance witli the present invention. 

[0079] The protocol differs from previously used methods 
of recovery of chitosan from acidic solutions wliich use high 
pH or processes of coagulation. The method of the present 
invention offers a number of advantages such as: a) safety of 
operation due to the use of non-corrosive reagents; b) liigh 
yields of recovery of cliitosan; and c) a lack of modification 
of the physical properties of the chitosan polymer such as 
residual ionic charges and molecular sizes. The protocol is 
applicable to a wide range of molecular sizes of chitosan. In 
addition, in one embodiment, the chitosan preparations of 
the present invention have tlie advantage of having increased 
stability in view of the fact that they are substantially free of 
cliitosanase. 

[0080] Chitosan is a polycationic polymer that is usually 
prepared commercially by limited basic hydiolysis of natu- 
rally occurring chitin, such as the exoskeleton of crustaceans 
and insects. Chitin is a polymer composed of N-acelyl-(3- 
D-glucosaniine (2-acetamido-2-deoxy-P-D-glucopyranose) 
monomeric units, whereas conmiercially available chitosan 
is usually composed of a heterogenous mixture of molecular 
sizes of chitin deacetylated to various extents. The basic 
schematic structures of cliitin and chitosan are shown below. 




Basic strucuires of cjiitin and chitosan 

[0081] The present invention tlierefore broadly provides a 
chitosan and metliod of preparation tliereof which overcome 
the defects of the preparations and methods of tlie prior art. 
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[0082] In one embodiment, tlie present invention concerns 
a method for retrieving cliitosan from aqueous acidic solu- 
tions. More specifically, an object of tlie present invention is 
to provide a metliod for retrieving chitosan from aqueous 
acidic solutions by tlie addition of salts (salting out salts, e.g. 
kosmotropic salts and mixture thereof, raixtxire of chaotropic 
and kosmotropic salts, etc). In one particular embodiment, 
food compatible inorganic or organic salts are used to 
precipitate chitosan from aqueous acidic solutions. 

[0083] Chitosan lias a polyelectrolyle nature. Its sohibility 
in aqueous media should thus follow rules that are similar to 
the empiric rules that apply lo the solubility of proteins in 
aqueous media. 'Hiese factors include pH, lemperatiire and 
ionic strength of the dissolving medium. The iiiiiovalive 
protocol described lierein is based on Uie sensitivity of 
cliitosan to the salting out eflisct caused by the addition of 
selected electrolytes of the Hofmeister series (Hofmeister 
(1888), Zur Lelire von des Wirkung des Salze. II. Naiuiyn- 
Sclimiedebergs Archiv fiir Experimentelle Patliologie und 
Pharmalcologie (Leipzig) 24:247-260; Kunz et al. (2004) 
Zur Lelire von des Wirkung des Salze. II. (About the science 
of the efl'ecl of salts): Franz Hofmeister's liistorical papers, 
Current Opinion in Colloid and Inlerface Science 9:19-37; 
Collins and Washabaugh (1985) The Hofmeister efiecl and 
the behaviour of water at interfaces. Quarterly Review of 
Biophysics 18:323-422; Cacace et al., (1997) Tlie Hofmeis- 
ter series: salt and solvent effects on interfacial phenomena. 
Quarterly Review of Biophysics 30:241-277), or food-com- 
patible organic salts. The salting out effect decreases tlie 
solubility of tlie solute by increasing the organization of 
water molecules aroiuid the ions instead of tlie solute. Tliis 
salting out effect results in the dehydration of the solute and 
its precipitation from solution (Collins and Washabaugh 
(1985), Tlie Hofmeister effect and the behavior of water at 
interfaces. Quarterly Review of Biophysics 18:323-422). 



Incnsosing salting out ctlbcl 

.-Vjiions: citrate^-- > S04-- > PO4'" > acetate" > CI" > Br' > NOj" > CIO^" > I" 
>SCN- 

Cntioris: NH,* > Rb* > > Na* > Cs* > Lr > Mr'' > Ca--" > Ba=* 



.Some cx.omples ol'tiie Hofmeister .series of anions mid cations 



[0084] The method of the present invention comprises the 
addition of a salting out salt (e.g. kosmotropic salts, mixture 
thereof, mixtures of kosmotropic and chaotropic salts, etc) 
of tlie Hofmeister series to an aqueous acidic solution of 
chitosan. In one particular embodiment, a food compatible 
salt or a food-compatible electrolyte is added to an aqueous 
acidic solution of cliitosan is order to precipitate it. Non- 
limiting examples of salting out salts tliat may be used in 
accordance with the present invention include: 

[0085] .Aiimionium or sodiimi sulfate 

[0086] Sodium or potassiiuii phosphates 

[0087] Sodium or potassium citrate 

[0088] Sodium tartrate 

[0089] Sodium malate 

[0090] Sodium nitrate 



[0091] Sodium lactate 
[0092] Sodium malonate 
[0093] Sodium succinate 
[0094] Sodium acetate 

[0095] Sodium propionate 

[0096] Non-limiting examples of dilute aqueous acid in 
which cliitosan is dissolved and to which the salting out salt 
or salts is/are added include acetic acid, lactic acid, malic 
acid or hydrochloric acid. Of course, other dilute aqueous 
acidic solutions could be used in accordance with the present 
invention. The effective amount of salting out salt or organic 
salt required to cause precipitation of chitosan depends on a 
number of factors including temperature, tlie concentration 
of chitosan in the aqueous acidic solution, the particular salt 
used, the ambient pressure, the molecular weight of the 
particular chitosan and the degree of deacetylation of the 
polymer. The present invention is not limited to the addition 
of only one type of salt (e.g. organic or inorganic food 
compatible salt). A combination of two or more (e.g. 3, 4, 5, 
6 etc) salting out salts may also be used in accordance with 
the present invention. In addition, the combination of dif- 
ferent salts is not limited to the combination of kosmotropic 
salts. Mixtures of chaotropic and kosmotropic salts may be 
used in accordance with tlie present invention as long as the 
global effect is the salting out of chitosan from an aqueous 
acidic solution. 

[0097] Tlie salted out chitosan is freed of salting out 
precipitating salts wliich can be easily monitored, for 
example on an industrial scale, by measuring the conduc- 
tivity of the washes. Chitosan may be easily recovered from 
aqueous acid solution by any means known in the art 
including filtration, centrifiigation, evaporation, spray dry- 
ing or a combinations thereof. 

[0098] In one embodiment, a specific chitosan polymer is 
considered salted out of a particular aqueous acidic solution 
if the specific cliitosan does not dissolve to form a clear 
homogeneous solution when the chitosan polymer is stirred 
or agitated for long period of time (e.g. a week) in the 
aqueous salt solution at a particular temperature. 

[0099] It should be miderstood from the foregoing that the 
solubility of a specific chitosan polymer in a particular 
aqueous acidic salt solution may be temperature dependent 
so that cliitosan may be sailed out in an aqueous solution at 
lower temperature but is soluble at higlier temperature or 
vice-versa. Several examples described herein illustrate the 
effect of temperature on the salting out of chitosan by a 
series or organic and inorganic salts. Therefore one can take 
advantage of this particularity to retrieve chitosan from 
particular aqueous acidic salt solution. 

[0100] The routine experimentation used to identify one or 
more ellective salting out salts, and combination thereof 
(e.g. organic salt suitable for hiuiian consumption) that will 
precipitate a particular concentration of a particular chitosan 
polymer may be carried out in a number of ways. In one 
embodiment, the identification of the effective concentration 
of salt required is carried out, by measuring the percentage 
of precipitated chitosan in a solution by the addition of 
polyphosphoric acid or by a colorimetric assay according to 
tlie method of Muzzarelli (Muzzarelli (1998) Analytical 
Biochemistry 260:255-257). In another embodiment, the 
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cloud point is measured to determine the efTective amount of 
salting out salts or organic salts for precipitation of a 
particular cliitosan. Tills may be done by simple visual 
inspection, and the solubility behavior of a particular chi- 
losan may be correlated with the type and concentration of 
each salt at a given temperature. 

[0101] Chitosan may be considered to be precipitated if all 
or if only part of the chitosan is precipitated. In one 
embodiment, chitosati may be considered to be precipitated 
if at least 90% (90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100%) 
of chitosan is precipitated. In anodier embodiment said 
cliitosan is considered precipitated if at least 95% (95, 96, 
97, 98, 99, 100%) is precipitated. In yet a further embodi- 
ment, cliitosan is considered precipitated if at least 98% (98, 
99, 100%) is precipitated. 

[0102] Tlie salts used in the present invention may be any 
salting out inorganic or organic salts. Non-limiting examples 
include sulfates, phosphates, citrates, nitrates, malates, tar- 
trates, succinates, propionates, lactates and hydrogen phos- 
phates. The counterion has a small eifect and may be 
anuiioniiun or any alkali or alkaline earth metal such as 
sodium, magnesium, calcium, potassium, litliiuiii etc. Mix- 
tures of inorganic or organic salts, as well as mixtures of 
chaotropic and kosmotropic salts, may also be used in 
accordance with the present invention as long as the global 
effect is the salting out (i.e. precipitation) of chitosan from 
aqueous acidic solutions. 

General Procedure for Salting Out Chitosan Using 
Salting Out Salts 

[0103] In one embodiment, tlie general procedure for 
recovery of chitosan from aqueous solutions comprises the 
following. A solution containing between about 1 to 10% by 
weight, particularly 5% by weight, of chitosan is prepared 
by dissolving said chitosan in dilute aqueous acid (e.g. 
hydrochloric acid (about 0.2 N), acetic acid, lactic acids, 
malic acids (about 5 to 10%)). The precipitating salt, in a 
solid form, or preferably as a concentrated solution, is added 
preferably portion-wise, under mixing, llie ratio of precipi- 
tating salt can be adjusted on a weight basis accordingly to 
the various examples given below and tlie Figures illustrat- 
ing tlie relationships between the ratio of precipitating salts 
and amounts of dissolved chitosan. Furthermore, those 
sldlled in the art will appreciate the fact that the procedure 
of chitosan recovery can be achieved at different tempera- 
tures as illustrated in llie examples (but not restricted to) 
given within the embodiment of the invention. Tlie resulting 
suspension of salted out chitosan is stirred for .10 minutes or, 
according to the amounts of cliitosian to be recovered, for an 
extended period of time (e.g. 1 h, 1 .5 h, 2 h. 3 h, 4 h, 5 h, 
6 h, 8 h, 10 h, 1 2 h, 1 6 h, 24 h, 36 h, 48 h etc). The precipitate 
is recovered, washed and dried. Those skilled in the art will 
chose any one of tlie methods described above as best suited 
for the amomits of chitosan to be recovered. 

EXAMPLE 1 

Chitosan (70 kDa, 84% Deacetylated) Salting Out 
with Na2S04 

[0104] Twenty grams of chitosan 70 kDa obtained from 
Fluka (Sigma-Aldrich, St Louis, Mo., USA) is dissolved in 
5% acetic acid (500 ml). Seventy-five grams of Na2S04 



(final concentration, 0.47 M) are added by portions, under 
stirring. Tlie salted out chitosan is kept at 4° C, for about 30 
minutes and then centrifuged (8000xg) for about 20 min. 
The supernatant does not contain any appreciable amounts 
of chitosan as assayed qualitatively by the addition of 
polyphosphoric acid as an example which is previously 
known in the art to form chitosan salts tliat are insoluble in 
aqueous media (Roberts (1992) Chitin chemistry, Mac- 
NBUan Press Ltd, Houndmills, Hampshire, UK. page 281). 
Alternatively, the amount of said chitosan remaining in 
solution is determined quantitatively using the coloriraetric 
assay described by Muzzarelli (Muzzarelli 1998, supra). 
This assay is reported to be a more sensitive and reproduc- 
ible method to quantitate chitosan dissolved in an aqueous 
medium than other published techniques (Muzzarelli 1 998, 
supra). The salted out chitosan is washed 3 to 5 times with 
water and collected by centrifiigation. 

EXAMPLE 2 

Chitosan (70 kDa, 84% Deacetylated) Salting Out 
with Trisodium Citrate 

[0105] Twenty grams of chitosan 70 kDa obtaijied from 
Fluka (Signia-Aldrich) is dissolved in 5% acetic acid (500 
ml). Eiglity grams of trisodium citrate (final concentration, 
0.34 M) are added by portions, under stirring. 'Ilie salted out 
cUtosan is kept at 4° C. for 30 minutes and then centrilliged 
(SOOOxg) for 20 min. Tlie supernatant does not contain any 
appreciable amounts of said chitosan as assayed by the 
addition of polyphosphoric acid (Roberts 1992; supra) or by 
colorinietric assay according to the method published by 
Muzzarelli (Muzzarelli 1998, supra). The salted out chitosan 
is washed 3 to 5 times with water and collected by cenlrifti- 
gation. 

EXAMPLE 3 

Chitosan (30 kDa, 92% Deacetylated) Salting Out 
with Ammonium Sulfate 

[0106] One part of 92% deacetylated cliitosan of molecu- 
lar weiglit 30 kDa determined witli a triple detector array 
apparatus equipped with a low angle light scattering device 
(Viscotek Corporation, Houston, Tex., USA) obtained by 
enzymatic hydrolysis of commercial cliitosan (Marinard 
Biotech Ltee, Riviere-au-Renard, Gaspesie. Quebec, 
Canada) is dissolved in 5% aqueous acetic acid. Four parts 
of a concentrated aqueous solution of ammonium sulfate are 
added by portions. Tlie suspension is stirred at 4° C. for 30 
to 60 minutes, depending on the amounts of chitosan to be 
processed. The supernatant does not contain any appreciable 
amounts of said cliitosan as assayed by the addition of 
polyphosphoric acid (Roberts 1992; supra) or by calorimet- 
ric assay according to the metliod published by Muzzarelli 
(Muzzarelli 1998, supra). The salted out chitosan is washed 
3 to 5 times with water and collected using suitable methods 
described witliiu an embodiment of the invention. 

EXAMPLE 4 

Cliitosan (30 kDa, 92% Deacetylated) Salting Out 
with Sodium Phosphate Monobasic 

[0107] One part of 92% deacetylated chitosan of molecu- 
lar weight 30 kDa determined witli a triple detector array 
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apparatus equipped with a low angle light scattering device 
(Viscotek Corporation) obtained by enzymatic hydrolysis of 
commercial chitosan (Marinard Biotech Ltee) is dissolved in 
5% aqueous acetic acid. Four parts of a concentrated aque- 
ous solution of sodium phosphate monobasic are added by 
portions. The suspension is stirred at room temperatTire for 
30 to 60 minutes, depending on the amounts of chitosan to 
be processed. The supernatant does not contain any appre- 
ciable amounts of said chitosan as assayed by the addition of 
polyphosphoric acid (Roberts 1992; supra) or by colorimet- 
ric assay according to the method published by Muzzarelli 
(Muzzarelli 1998, supra). The salted out chitosan is washed 
with water and collected using suitable methods described 
within an embodiment of the invention. 

EXAMPLE 5 

Chitosan (240 kDa, 92% Deacelylated) Salting Out 

with Sodium Sulfate 

[0108] One part of 92% deacelylated chitosan 240 kDa 
obtained from Vanson HaloSource (Redmond, Wash., USA) 
is dissolved in 10% aqueous acetic acid. Four parts of a 
concentrated aqueous solution of sodium sulfate are added 
by portions. The suspension is stirred at room temperature 
for 30 to 60 minutes, depending on the amounts of chitosan 
to be processed. The supernatant does not contain any 
appreciable amounts of said chitosan as assayed by Uie 
addition of polyphosphoric acid (Roberts 1992; supra) or by 
colorimetric assay according to the method published by 
Muzzarelli (Muzzarelli 1998, supra). The salted out chitosan 
is washed with water and collected using suitable methods 
described witliin an embodiment of the invention. 

EXAMPLE 6 

High Molecular Weiglil Chitosan (300 cps, 92% 
Deacetylated) Salting Out with Ammonium Sulfate 

[0109] One part of 92% deacelylated high molecular 
weight chitosan (300 cps) obtained from Vanson HaloSource 
(Redmond, Wash., USA) is dissolved in 10% aqueous acetic 
acid. Four parts of a concentrated aqueous solution of 
ammonium sulfate are added by portions. The suspension is 
stirred at room temperature for 30 to 60 minutes, depending 
on the amoiuits of chitosan to be processed. Tlie supernatant 
does not contain any appreciable amounts of cliitosan as 
assayed by the addition of polyphosphoric acid (Roberts 
1992; supra) or by colorimetric assay according to the 
metliod published by Muzzarelli (Muzzarelli 1998, supra). 
The salted out cliitosan is washed with water and collected 
using suitable methods described witliin an embodiment of 
the invention. 

EXAMPLE 7 

Efficiency of Trisodium Citrate to Salt Out 
Chitosan (92% Deacetylated) of Various Molecular 
Sizes at 4° C. 

[0110] FIG. 1 illustrates the efficiency of trisodium citrate 
to salt out 92% deacetylated chitosan of various molecular 
sizes determined with a triple detector array apparatus 
equipped with a low angle light scattering device (Viscotek 
Corporation) from enzymatic hydrolysates of a 240 kDa 
cliitosan (Vanson HaloSource). Samples of the said cliitosan 



hydrolysates dissolved in 5% aqueous acetic acid are cooled 
to 4° C. Five parts of an aqueous solution of trisodium citrate 
are added at 4° C. and tlie suspension is stirred for 30 to 60 
minutes at 4° C, depending on the amounts of chitosan to be 
processed. The chitosans are separated from the soluble 
phase and the amount of chitosan remaining in the soluble 
phase is determined using a colorimetric assay according to 
tlie method published by Muzzarelli (Muzzarelli 1998, 
supra). FIG. 1 also illustrates the efficiency of trisodium 
citrate to salt out unliydrolyzed cliitosans of 240 IdDa and 
high molecular weight (HMW). It is of importance to note 
for those skilled in the art, that the activity of chitosanase 
remains in the soluble phase of the hydrolysates. 

EXAMPLE 8 

Efficiency of Trisodium Citrate to Salt Out 
Chitosan (92% Deacetylated) of Various Molecular 
Sizes at Room Temperature 

[0111] FIG. 2 illustrates tlie efficiency of trisodium citrate 
to salt out 92% deacetylated cliitosan of various molecular 
sizes determined witli a triple detector array apparatus 
equipped with a low angle light scattering device (Viscotek 
Corporation) fi-om enzymatic hydrolysates of a 240 kDa 
chitosan (Vanson HaloSource). Samples of the said chito- 
sans dissolved in 5% aqueous acetic acid are kept at room 
temperature. Five parts of an aqueous solution of trisodium 
citrate are then added at room temperature and the solution 
is stirred for 30 to 60 minutes at room temperature, depend- 
ing on the amounts of cliitosan to be processed. The chito- 
sans are separated from the soluble phase and the amount of 
cliitosan remaining in the soluble phase is determined using 
a colorimetric assay according to the method published by 
Muzzarelli (Muzzarelli 1998, supra). FIG. 2 also illustrates 
the efficiency of trisodium citrate to salt out unhydrolyzed 
cliitosans of 240 kDa and high molecular weight (HMW). It 
is of importance to note for those skilled in the art, that the 
activity of chitosanase remains in the soluble phase. 

EXAMPLE 9 

Efficiency of Animoniiuii Sulfate to Salt Out 
Chitosan (92% Deacetylated) of Various Molecular 

Sizes at 4° C. 

[0112] FIG. 3 illustrates the efficiency of anBiioniimi sul- 
fate to salt out 92% deacetylated chitosan of various molecu- 
lar sizes determined with a triple detector array apparatus 
equipped with a low angle light scattering device (Viscotek 
Corporation) from enzymatic hydrolysates of a 240 kDa 
cliitosan (Vanson HaloSource). Samples of the said chitosan 
hydrolysates dissolved in 5% aqueous acetic acid are cooled 
to 4° C. Five parts of an aqueous solution of ammonium 
sulfate cooled to 4° C. are added by portions and the 
suspension is stirred for 30 to 60 minutes at 4° C, depending 
on the amounts of chitosan to be processed. Tlie chitosans 
are separated from the soluble phase and the amount of 
cliitosan remaining in the soluble phase is determined using 
a colorimetric assay according to the metliod published by 
Muzzarelli (Muzzarelli 1998, supra). FIG. 3 also illustrates 
the efficiency of ammonium sulfate to salt out unliydrolyzed 
chitosans of 240 kDa and high molecular weight (HMW). 
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EXAMPLE 10 

Efficiency of Ainmoiiimn Sulfate to Salt Out 
Chitosan (92% Deacetylated) of Various Molecular 
Sizes at Room Temperature 

[0113] FIG. 4 illustrates tlie efficiency of ammonium sul- 
fate to salt out 92% deacetylated cliitosan of various molecu- 
lar si2Bs determined with a triple detector array apparatus 
equipped with a low angle liglit scattering device (Viscotek 
Corporation) from enzymatic hydrolysates of a 240 kDa 
cliitosan (Vanson HaloSoiu-ce). Samples of the said cWto- 
sans dissolved in 5% aqueous acetic acid are kept at room 
temperature. Five parts of an aqueous solution of ammo- 
nium sulfate are added by portions at room temperature and 
tlie suspension is stirred for 30 to 60 minutes at room 
temperature, depending on the amounts of chitosan to be 
processed. Tlie cliitosans are separated from tlie soluble 
phase and tlie amount of chitosan remaining in the soluble 
phase is determined using a colorimetric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). FIG. 4 also illustrates the efficiency of ammoniiun 
sulfate to salt out uiiliydrolyzed chitosaiis of 240 kDa and 
high molecular weight (I-IMW). 

EXAMPLE 11 

Eflfiiciency of Sodium Sulfate to Salt Out Cliitosan 
(30 kDa, 92% Deacetylated) at 4° C, Room 
TemperatTire and 50° C. 

[0114] Increasing weight amounts of solid sodium sulfate 
or, preferably, a concentrated solution of sodium sulfate are 
added by portions to one part of 92% deacetylated chitosan 
of molecular weight 30 kDa (determined with a triple 
detector array apparatus equipped with a low angle light 
scattering device, Viscotek Corporation) obtained by enzy- 
matic hydrolysis of commercial cliitosan (Mariuard Biotech 
Ltee) dissolved in 5% aqueous acetic acid. The suspensions 
are stirred for 30 to 60 minutes, depending on the amounts 
of chitosan to be processed, at the temperatiires illustrated in 
FIG. 5. Suspended chitosan is separated from the soluble 
phase and the amount of chitosan remaining in the soluble 
phase is determined using a colorimetric assay according to 
tlie method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 12 

Efficiency of Trisodium Citrate to Salt Out 
Chitosan (30 kDa, 92% Deacetylated) at 4° C, 
Room Temperature and 50° C. 

[0115] Increasing weight amounts of solid trisodium cit- 
rate or, preferably, a concentrated solution of trisodiimi 
citrate are added by portions to one part of 92% deacetylated 
chitosan of molecular weight 30 kDa (determined witli a 
triple detector array apparatus equipped with a low angle 
light scattering device, Viscotek Corporation) obtained by 
enzymatic hydrolysis of commercial cliitosan (Marinard 
Biotech Ltee) dissolved in 5% aqueous acetic acid. Tlie 
suspensions are stirred for 30 to 60 minutes, depending on 
tlie amounts of chitosan to be processed, at the temperatures 
illustrated in FIG. 6. Suspended chitosan is separated from 
the soluble phase and the amount of chitosan in tlie soluble 



phase is determined using a colorimetric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 13 

Efficiency of Ammonium Sulfate to Salt Out 
Chitosan (30 IcDa, 92% Deacetylated) at 4° C, 
Room Temperature and 50° C. 

[0116] Increasing weiglit amounts of solid anmionium 
sulfate or, preferably, a concentrated solution of anmionium 
sulfate are added by portions to one part of 92% deacetylated 
chitosan of molecular weight 30 kDa (determined with a 
triple detector array apparatus equipped witli a low angle 
liglit scattering device, Viscotek Corporation) obtained by 
enzymatic hydrolysis of commercial cliitosan (Marinard 
Biotech Ltee) dissolved in 5% aqueous acetic acid. The 
suspensions are stirred for 30 to 60 minutes, depending on 
the amounts of cliitosan to be processed, at the temperatures 
illustrated in FIG. 7. Suspended chitosan is separated from 
the soluble phase and the amount of chitosan in the soluble 
phase is determined using a colorimetric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 14 

Efficiency of Disodium Tartrate to Salt Out 
Chitosan (30 IcDa, 92% Deacetylated) at 4° C, 
Room Temperature and 50° C. 

[0117] Increasing weight amounts of solid disodium tar- 
trate or, preferably, a concentrated solution of disodium 
tartrate are added by portions to one part of 92% deacety- 
lated chitosan of molecular weight 30 kDa (determined witli 
a triple detector array apparatus equipped with a low angle 
light scattering device, Viscotek Corporation) obtained by 
enzymatic hydrolysis of commercial chitosan (Marinard 
Biotech Ltee) dissolved in 5% aqueous acetic acid. The 
suspensions are stirred for 30 to 60 minutes, depending on 
the amounts of chitosan to be processed, at the temperalxires 
illustrated in FIG. 8. Suspended chitosan is separated from 
the soluble phase and the amount of cliitosan in the soluble 
phase is detennined using a colorimetric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 15 

Efficiency of Sodium Phosphate Monobasic to Salt 
Out Chitosan (30 kDa, 92% Deacetylated) at 4° C, 
and Room Temperature and 50° C. 

[0118] Increasing weight ajiiounts of solid sodium phos- 
phate monobasic or, preferably, a concentrated solution of 
sodium phosphate monobasic are added by portions to one 
part of 92% deacetylated cliitosan of molecular weight 30 
kDa (determined with a triple detector array apparatus 
equipped with a low angle light scattering device, Viscotek 
Corporation) obtained by enzymatic hydrolysis of conmier- 
cial chitosan (Marinard Biotech Ltee) dissolved in 5% 
aqueous acetic acid. The suspensions are stirred for 30 to 60 
minutes, depending on the amoimts of chitosan to be pro- 
cessed, at tlie temperatures illustrated in FIG. 9. Suspended 
chitosan is separated fi-om the soluble phase and tlie amount 
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of chitosan in the soluble phase is determined using a 
colorimetric assay according to the method published by 
Muzzarelli (Muzzarelli 1998, supra). 

EXAMPLE 16 

Efficiency of Disodimn Malate to Salt Out Chilosan 
(30 kDa, 92% Deacelylated) at 4° C, Room 
Temperature and 50° C. 

[0119] Increasing weight amounts of solid disodium 
malate or, preferably, a concentrated solution of disodimn 
malate are added by portions to one part of 92% deacelylated 
chitosan of molecular weight 30 kDa (determined witli a 
triple detector array apparatus equipped with a low angle 
liglit scattering device, 'N^scotek Corporation) obtained by 
enzymatic hydrolysis of commercial chitosan (Marinard 
Biotech Ltee) dissolved in 5% aqueous acetic acid. The 
suspensions are stirred for 30 to 60 minutes, depending on 
the amounts of chitosan to be processed, at the temperatures 
illustrated in FIG. 10. Suspended chitosan is separated from 
the soluble phase and the amount of chitosan in the soluble 
phase is determmed using a colorimetric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 17 

Efficiency of Sodium Nitrate to Salt Out Chitosan 
(30 kDa, 92% Deacetylated) at 4° C, Room 

Temperature and 50° C. 

[0120] Increasing weight amounts of solid sodium nitrate 
or, preferably, a concentrated solution of sodium nitrate are 
added by portions to one part of 92% deacelylated chitosan 
of molecular weight 30 kDa (determined with a triple 
detector array apparatus equipped with a low angle light 
scattering device, Viscotek Corporation) obtained by enzy- 
matic hydrolysis of commercial cliitosan (Marinard Biotech 
Ltee) dissolved in 5% aqueous acetic acid. The suspensions 
are stirred for 30 to 60 minutes, depending on the amounts 
of chitosan to be processed, al the temperatures illustrated in 
FIG. 11. Suspended chilosan is separated from the soluble 
phase and the amount of chilosan in the soluble phase is 
determined using a calorimetric assay according to the 
method published by Muzzarelli (Muzzarelli 1998, supra). 

EXAMPLE 18 

Efficiency of Sodium Phosphate Dibasic to Salt Out 
Chitosan (30 kDa, 92% Deacetylated) at 4° C, 
Room Temperature and 50° C. 

[0121] Increasing weight amounts of solid sodium phos- 
phate dibasic or, preferably, a concentrated solution of 
sodium phosphate dibasic are added by portions to one part 
of 92% deacetylated cliitosan of molecular weiglit 30 kDa 
(determined with a triple detector array apparatus equipped 
with a low angle light scattering device, Viscotek Corpora- 
tion) obtained by enzymatic hydrolysis of conmiercial clii- 
tosan (Marinard Biotech Ltee) dissolved in 5% aqueous 
acetic acid. Tlie suspensions are stirred for 30 to 60 niinules, 
depending on the amounts of chitosan to be processed, at tlie 
temperatures illustrated in FIG. 12. Suspended cliitosan is 
separated from the soluble phase and the amount of chitosan 



in tlie soluble phase is determined using a calorimetric assay 
according to the method published by Muzzarelli (Muzza- 
relli 1998, supra). 

EXAMPLE 19 

Efficiency of Disodium Succinate to Salt Out 
Cliitosan (30 kDa, 92% Deacetylated) at 4° C, 
Room Temperature and 50° C. 

[0122] Increasing weight amounts of solid disodium suc- 
cinate or, preferably, a concentrated solution of disodium 
succinate are added to triplicates of chitosan solutions to one 
part of 92% deacetylated cliitosan of molecular weight 30 
kDa (detennined with a triple detector array apparatus 
equipped witli a low angle li^it scattering device, Viscotek 
Corporation) obtained by enzymatic hydrolysis of commer- 
cial chitosan (Marinard Biotech Ltee) dissolved in 5% 
aqueous acetic acid. Tlie suspensions are stirred for 30 to 60 
minutes, depending on the amounts of cliitosan to be pro- 
cessed, at the temperatures illustrated in FIG. 13. Suspended 
chitosan is separated from the soluble phase and the amount 
of chitosan in the soluble phase is determined using a 
colorimetric assay according to the method published by 
Muzzarelli (Muzzarelli 1 998, supra). 

EXAMPLE 20 

Efficiency of Sodiiun Acetate to Salt Out Chitosan 
(30 kDa, 92% Deacetylated) at 4° C, Room 
Temperature and 50° C. 

[0123] Increasing weight amoiuits of solid sodium acetate 
or, preferably, a concentrated solution of sodium acetate are 
added to one part of 92% deacetylated cliitosan of molecular 
weight 30 kDa (determined with a triple detector array 
apparatus equipped with a low angle light scattering device, 
Viscotek Corporation) obtained by enzymatic hydrolysis of 
commercial chitosan (Marinard Biotech Ltee) dissolved in 
5% aqueous acetic acid. The suspensions are stirred for 30 
to 60 minutes, depending on the amounts of chilosan to be 
processed, at the temperatures illustrated in FIG. 14. Sus- 
pended chilosan is separated from the soluble phase and the 
amount of chilosan in the soluble phase is determined using 
a colorimetric assay according to the method published by 
Muzzarelli (Muzzarelli 1998, supra). 

EXAMPLE 21 

Efficiency of Disodium Malonate to Salt Out 
Chitosan (3Q. kDa, 92% Deacetylated) at 4° C. and 
Room Temperature 

[0124] Increasing weiglit amounts of solid disodium nial- 
onale or, preferably, a concentrated solution of disodium 
malonate are added to one part of 92% deacetylated chitosan 
of molecular weight 30 kDa (determined with a triple 
detector array apparatus equipped with a low angle light 
scattering device, Viscotek Corporation) obtained by enzy- 
matic hydrolysis of commercial cliitosan (Marinard Biotech 
Ltee) dissolved in 5% aqueous acetic acid. The suspensions 
are stirred for 30 to 60 minutes, depending on the anioimts 
of chitosan to be processed, at the temperatures illustrated in 
FIG. IS. Suspended cliitosan is separated from tlie soluble 
phase and the amount of chitosan in the soluble phase is 
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determined using a calorimetric assay according to tlie 
method published by MuzzareOi (Muzzarelli 1998, supra). 

EXAMPLE 22 

EfEciency of Sodium Lactate to Salt Out Chitosan 
(30 kDa, 92% Deacetylated) at 4° C, Room 
Temperature and 50° C. 

[0125] Increasing weight amounts of solid sodium lactate 
or, preferably, a concentrated solution of sodium lactate are 
added to one part of 92% deacetylated ctiitosan of molecular 
weight 30 kDa (determined witli a triple detector array 
apparatus equipped with a low angle light scattering device, 
Viscotek Corporation) obtained by enzymatic hydrolysis of 
commercial cliitosan (Marinard Biotech Ltee) dissolved in 
5% aqueous acetic acid. The suspensions are stirred for 30 
to 60 minutes, depending on tlie amounts of chilosan to be 
processed, at the temperatures illustrated in FIG. 16. Sus- 
pended cliitosan is separated from the soluble phase and the 
amount of chilosan remaining in the soluble phase is deter- 
mined using a calorimetric assay according to the method 
published by Muzzarelli (Muzzarelli 1998, supra). 

EXAMPLE 23 

Efficiency of Sodium Propionate to Salt Out 
Chitosan (30 kDa, 92% Deacetylated) at 4° C. and 
Room Temperature 

[0126] Increasing weight amounts of sodium propionate 
or, preferably, a concentrated solution of sodium propionate 
are added to one part of 92% deacetylated chitosan of 
molecular weight 30 kDa (determined witli a triple detector 
array apparatus equipped with a low angle ligjit scattering 
device, Viscotek Corporation) obtained by enzymatic 
hydrolysis of commercial chitosan (Marinard Biotech Ltee) 
dissolved in 5% aqueous acetic acid. Tlie suspensions are 
stirred for 30 to 60 minutes, depending on the amounts of 
cliitosan to be processed, at the temperatures illustrated in 
FIG. 17. Suspended chitosan is separated from the soluble 
phase and the amount of chitosan remaining in the soluble 
phase is deteniiined using a colorimetric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 24 

Comparative Efficiencies of Salting Out Inorganic 
and Organic Salts Used al a 1:1 and 4:1 Ratio 
Respective to Dissolved Chitosan to Salt Out 
Chitosan (30 kDa, 92% Deacetylated) at 4° C, 
Room Temperature and 50° C. 

[0127] Mass ratio of 1 : 1 aiid 4: 1 relative to said cliitosans 
of inorganic or organic salting out sails are added to one part 
oi" 92% deacetylated cliitosan of molecular weiglil 30 kDa 
(determined with a triple detector array apparatus equipped 
with a low cuigle light scattering device, Viscotek Corpora- 
tion) obtained by enzymatic hydrolysis of commercial clii- 
tosan (Marinard Biotech Ltee) dissolved in 5% aqueous 
acetic acid. Tlie suspensions are stirred for 30 to 60 minutes, 
depending on the amounts of cliitosan to be processed, at tlie 
temperatures illustrated in FIG. 18. Suspended chitosans are 
separated from the soluble phase and tlie amoimt of chitosan 
remaining in the soluble phase is determined usmg a calo- 



rimetric assay according to the method published by Muz- 
zarelli (Muzzarelli 1998, supra). 

EXAMPLE 25 

Efficiency of Ammonium Sulfate to Salt Out 
Chitosan (240 kDa, 92% Deacetylated) at 4° C. and 
Room Temperature 

[0128] Increasing weight amounts of solid ammonium 
sulfate or, preferably, a concentrated solution of anmionium 
sulfate are added to one part of 92% deacetylated chitosan 
of molecular weight 240 IcDa (Vanson HaloSource) dis- 
solved in 5% aqueous acetic acid. Tlie suspensions are 
stirred for 30 to 60 minutes, depending on the amounts of 
cliitosan to be processed, at the temperatures illustrated in 
FIG. 19. Suspended chitosan is separated from the soluble 
phase and tlie amount of remaining chilosan in the soluble 
phase is determined usuig a calorimetric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 26 

Efficiency of Sodium Sulfate to Salt Out Chitosan 
(240 kDa, 92% Deacetylated) al 4° C. and Room 
Temperature 

[0129] Increasing weight amounts of solid sodium sulfate 
or, preferably, a concentrated solution of sodium sulfate are 
added to one part of 92% deacetylated cliitosan of molecular 
weiglit 240 kDa (Vanson HaloSource) dissolved in 5% 
aqueous acetic acid. The suspensions are stirred for 30 to 60 
minutes, depending on tlie amounts of chitosan to be pro- 
cessed, at tlie temperatures illustrated in FIG. 20. Suspended 
chitosan is separated fi-om the soluble phase and the amount 
of chitosan remaining in the soluble phase is determined 
using a colorimetric assay according to the method pub- 
lished by Muzzarelli (Muzzarelli 1 998, supra). 

EXAMPLE 27 

Efficiency of Trisodium Citrate to Salt Out 
Chitosan (240 kDa, 92% Deacetylated) at 4° C. and 
Room Temperature 

[0130] Increasing weight amoiuits of solid trisodium cit- 
rate or, preferably, a concentrated solution of trisodium 
citrate are added to one part of 92% deacetylated chitosan of 
molecular weight 240 kDa (Vanson HaloSource) dissolved 
in 5% aqueous acetic acid. Tlie suspensions are stirred for 30 
to 60 minutes, depending on the amounts of chilosan to be 
processed, at the temperatures illustrated in FIG. 21. Sus- 
pended chitosan is separated from the soluble phase and the 
amount of chitosan remaining in the soluble phase is deter- 
mined using a calorimetric assay according to the method 
published by Muzzarelli (Muzzarelli 1 998, supra). 

EXAMPLE 28 

Efficiency of Sodium Phosphate Monobasic to Salt 
Out Cliitosan (240 kDa, 92% Deacetylated) at 4° 
C. and Room Temperature 

[0131] Increasing weight amoimts of solid sodium phos- 
phate monobasic or, preferably, a concentrated solution of 
sodimn phosphate monobasic are added to one part of 92% 



us 2007/0265434 Al 



13 



Nov. 15,2007 



deacetylated chitosan of molecular weiglit 240 kDa (Vanson 
HaloSource) dissolved in 5% aqueous acetic acid. Tlie 
suspensions are stirred for 30 to 60 minutes, depending on 
the amounts of chitosan to be processed, at the temperatures 
illustrated in FIG. 22. Suspended chitosan is separated from 
the soluble phase and the anioiuit of chitosan remaining in 
the soluble phase is determined using a calorimetric assay 
according to tlie method published by Muzzarelli (MiiZ2a- 
relli 1998, supra). 

EXAMPLE 29 

Comparative Efficiencies of Salting Out Inorganic 
and Organic Salts Used at a 1:1 and 4:1 Ratio 
Relative to Dissolved Chitosan to Salt Out 
Chitosan (240 kDa, 92% Deacetylated) at 4° C. and 

Room Temperature 

[0132] Mass ratio of 1:1 and 4:1 relative to said dissolved 
chitosans of inorganic or organic salting out salts are added 
to one part of 92% deacetylated chitosan of molecular 
weight 240 kDa (Vanson HaloSource) dissolved in 5% 
aqueous acetic acid. The suspensions are stirred for 30 to 60 
minutes, depending on the amounts of cliitosan to be pro- 
cessed, at the temperatures illustrated in FIG. 23. Suspended 
cliitosan is separated from the soluble phase and the amount 
of chitosan remaining in the soluble phase is determined 
using a calorimetric assay according to the method pub- 
lished by Muzzarelli (Muzzarelli 1998, supra). 

EXAMPLE 30 

EiEciency of Ajiimonium Sulfate to Salt Out a 
High Molecular Weiglit (HMW) Chitosan (300 
CPS, 92% Deacetylated) at 40C and Room 
Temperature 

[0133] Increasing weight amounts of solid anmionium 
sulfate or preferably, a concentrated solution of ammonium 
sulfate are added to one part of 92% deacetylated chitosan 
of high molecular weight (Vanson HaloSource) dissolved in 
5% aqueous acetic acid. Tlie suspensions are stirred for 30 
to 60 minutes, depending on the amounts of chitosan to be 
processed, at the temperatures illustrated in FIG. 24. Sus- 
pended cliitosan is separated from the soluble phase and the 
amount of chitosan remaining in the soluble phase is deter- 
mined using a calorimetric assay according to the metliod 
published by Muzzarelli (Muzzarelli 1998, supra). 

EXAMPLE 31 

EfBciency of Sodium Sulfate to Salt Out a High 
Molecular Weight (HMW) Cliitosan (300 CPS, 
92% Deacetylated) at 4° C. and Room Temperature 

[0134] Increasing weiglit amounts of solid sodium sulfate 
or, preferably, a concentrated solution of sodium sulfate are 
added to one part of 92% deacetylated chitosan of a liigh 
molecular weiglit chitosan (Vanson HaloSource) dissolved 
in 5% aqueous acetic acid. The suspensions are stirred for 30 
to 60 minutes, depending on tlie amounts of chitosan to be 
processed, at the temperatures illustrated in FIG. 25. Sus- 
pended cliitosan is separated from the soluble phase and tlie 
amount of chitosan remaining in the soluble phase is deter- 
mined using a calorimetric assay according to the method 
published by Muzzarelli (Muzzarelli 1998, supra). 



EXAMPLE 32 

EfBciency of Sodium Phosphate Monobasic to Salt 
Out a High Molecular Weight (HMW) Chitosan 
(300 CPS, 92% Deacetylated) al 4° C. and Room 
Temperature 

[0135] Increasing weight amoiuits of solid sodium phos- 
pliate monobasic or, preferably, a concentrated solution of 
sodium phosphate monobasic are added to one part of 92% 
deacetylated chitosan of a high molecular weight chitosan 
(Vanson HaloSource) dissolved in 5% aqueous acetic acid. 
The suspensions are stirred for 30 to 60 minutes, depending 
on the amounts of chitosan to be processed, at the tempera- 
tures illustrated in FIG. 26. Suspended cliitosan is separated 
fi-om the soluble phase and the amount of chitosan remain- 
ing in the soluble phase is determined using a calorimetric 
assay according to tlie metliod published by Muzzarelli 
(Muzzarelli 1998, supra). 

EXAMPLE 33 

EfBciency of Trisodium Citrate to Salt Out a High 

Molecular Weiglit (HMW) Chitosan (300 CPS, 
92% Deacetylated) at 4° C. and Room Temperature 

[0136] Increasing weight amomits of solid trisodium cit- 
rate or, preferably, a concentrated solution of trisodium 
citrate are added to one part of 92% deacetylated chitosan of 
a liigh molecular weight chitosan (Vanson HaloSource) 
dis-solved in 5% aqueous acetic acid. The suspensions are 
stirred for 30 to 60 minutes, depending on the amounts of 
cliitosan to be processed, at the temperatures illustrated in 
FIG. 27. Suspended chitosan is separated from the soluble 
phase and the amount of chitosan remaining in the soluble 
phase is determined using a colorimelric assay according to 
the method published by Muzzarelli (Muzzarelli 1998, 
supra). 

EXAMPLE 34 

Comparative Efliciencies of Salting Out Inorganic 
and Organic Salts Used at a 1:1 and 4:1 Ratio 

Relative to Dissolved Chitosan to Salt Out 
Cliitosan (300 CPS, 92% Deacetylated) at 4° C. 
and Room Temperature 

[0137] Mass ratio of 1:1 and 4:1 relative to said chitosan 
of inorganic or organic salting out salts are added to one part 
of 92% deacetylated cliitosan of a high molecular weight 
(Vanson HaloSource) dissolved in 5% aqueous acetic acid. 
The suspensions are stirred for 30 to 60 minutes, depending 
on tlie amounts of chitosan to be processed, at the tempera- 
tures illustrated in FIG. 28. Suspended chitosan is .separated 
from the soluble phase and the amount of chitosan remain- 
ing in tlie soluble phase is determined using a colorimetric 
assay according to die method published by Muzzarelli 
(Muzzarelli 1998, supra). 

EXAMPLE 35 

Solubility of Cliitosans Retrieved from .''iqueous 
Solutions by Salting Out with Organic or Inorganic 
Salting Out Salts 

Tlie Solubility is Qualitatively Assessed in Dilute 
Aqueous Hydrochloric Acid or Dilute Aqueous 
Acetic Acid 

[0138] Table 1 illustrates examples of the solubility of 
chitosans of various molecular weights thai were salted out 
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(i.e. precipitated) witli a series of salting out salts described 
witliin an embodiment of the present invention. The solu- 
bility of samples in dilute (5%) aqueous acetic acid and in 
aqueous hydrocliloric acid used at a concentration similar to 
tlie concentration found in the stomach (0.2 N) is qualita- 
tively shown. 



consumption when a food compatible salting out salt is used 
to salt chitosan out of solution. In addition, the present 
invention is not limited to the addition of one salt or to the 
use of only one type of salt (e.g. kosmotropic salts). Mix- 
tures of salts (e.g. chaotropic and kosmotropic salts) may 
also be used, as long as die global effect is the salting out of 



TABLE 1 

SolubilitY of cliitosaii precipitates in dilute hydrochloric acid or dilute acetic acid 



Solubility 
Chitosan 





30 kOa 


240 kDa 




HMW 


Salt used I'or 


HCI 


Acetic 


HCI 


Acetic acid 


HCI 


.■Vcetic acid 


precipitation 


(0.2N) 


acid (5%) 


(0.2N) 


(5%) 


(0.2N) 


(5%) 


Ammonium 


ns 


ns 


++ 


ns 


+++ 


ns 


iiull'ato 














.Sodium 


++ 


ns 


++++ 


1(11 


ns 


ns 


phosphate 














monobasic 














Trisodium citrate 


+++ 


++ 


++ 


++ 


+++ 


+++ 


Sodium sulfate 


ns 


ns 


+++ 


ns 


ns 


ns 


Sodium 


++ 


ns 


1 1 1 1 


++++ 


++++ 


++++ 


pliosphate 














dibasic 














Sodium nitrale 


H-f++ 


++++ 


++++ 


++++ 


++++ 


++++ 


Disodium 


+++ 


+++ 


+++ 


++ 


+++ 


++ 


! art rate. 














Disodium malate 


+ 


+ 


++++ 


++++ 


++++ 


++++ 


Disodium 


+++ 


+++ 


nd 


nd 


nd 


nd 


malonate 















Legends 

++++, tlie pellet Is readily soluble 
+++, the pellet dissolves within 1 min 
++, the pellet dissolves within 1-5 min 

+, tJie pellet dissolves witliin 5-10 min 

ns, tJio pellet doe.'i not dissolve after 15 min 

nd, not determined 



[0139] Chitosan can also be retrieved from dilute aqueous 
acetic acid solutions by the addition of a combination of 
salting out salts (e.g. kosmotropic salts, mixture thereof, 
raixliire of kosmolropic and chaotropic salts, etc) such as 
trisodium citrate and animonium sulfate or sodium sulfate or 
sodium phosphate monobasic which are given as examples. 

[0140] In summary, based on the disclosure herein, those 
skilled in the art can purify cliitosan from aqueous acidic 
solutions by adding salting out salts (e.g. kosmotropic salts, 
mixture thereof or combination of chaotropic and kosmo- 
tropic salts). Chitosan purified by means of the present 
invention prevent at least some modifications of tlie physical 
properties of the clntosan polymer such as residual ionic 
charges and molecular sizes (i.e. tliey retain the physiologi- 
cal properties of native chitosan). Tlie metliodology 
described herein is simple, cost-cutting, easy to use and 
far-reacliiiig. It allows a quick, efficient and quantitative 
recovery of chitosan from acidic aqueous solutions with a 
minimum of easy-lo-perforai operations wliile preserving 
the integrity of tlie product. Tlie methodology can be applied 
witliout limitations witli respect to the amount of dissolved 
chitosan that needs to be processed allowing the method of 
tlie present invention to be developed for small scale, large 
scale or ultra high scale preparation for commercial produc- 
tion. Furthermore, chitosan preparations purified by means 
of the present invention are suitable for human or animal 



chitosan from an aqueous acidic solution. Tliis is of consid- 
erable importance in cases of application related to admin- 
istration of chitosan to humans and animals such as appli- 
cations related to the biomedical and food industries. 

[0141] Wliile the invention has been described with ref- 
erence to certain illustrative embodiments, those skilled in 
Ihe arl will appreciate that various modifications, changes, 
omissions and substitTitions can be made without departing 
from the spirit and nature of the invention. For example, the 
effective amount of salting out salts or organic salts required 
to cause salting out of a specific chitosan depends on a 
munber of factors including the concentration of cliitosan in 
tlie aqueous acidic solution, the temperature, the inorganic 
or orgmiic salt used, tlie molecular weight of the specific 
cliitosan, its degree of acetylation which can vary between 
less than 1% to more than 70%, the pl-l of the solution and 
tlie ambient pressure. It is understood, tlierefore, that the 
invention is not limited to die particular embodiments dis- 
closed, but is intended to cover modifications within the 
spirit and scope of the present invention as defined by the 
appended claims. 
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What is claimed is: 

1. A method for precipitating chitosan comprising: mixing 
in any order an aqueous acidic solution containing a chitosan 
polymer and at least one inorganic or organic salt wherein 
said inorganic or organic salt is present in an amount 
effective to salt out said chitosan polymer to form an 
aqueous composition which comprises at least said salted 
out chitosan polymer. 

2. A metliod as in claim 1, wherein said inorganic or 
oiganic salt is food-compatible or suitable for biomedical 
applications. 

3. The metliod of claim 1, wherein said aqueous acidic 
solution has a pH between about 2 and about 6. 

4. The method of claim 1 , wherein precipitation is carried 
out between about 4° C. and about 55° C. 

5. The method of claim 1, wherein said inorganic or 
organic salt is selected from the group consisting of ammo- 
nium or sodium sulfate, sodium or potassium phosphates, 
sodium or potassium citrate, sodium tartrate, sodium nialate, 
sodium nitrate, sodium lactate, sodium malonate, sodium 
succinate, sodium acetate, and sodium propionate. 

6. The method of claim 1, wherein said aqueous acidic 
solution is selected from the group consisting of acetic acid, 
lactic acid, malic acid and hydrochloric acid. 

7. Tlie method of claim 1, wherein a combination of at 
least two inorganic or organic salts is used. 

8. Tlie method of claim 7, wherein said combination of 
salts is a combination of kosniotropic and chaotropic salts. 

9. The method of claim 1, wherein the amount of chitosan 
precipitated is at least 90% of the amount of chitosan in 
solution. 

10. The method of claim 1, wherein said chitosan polymer 
has a molecular weight of about between 7 kDa and several 
hundreds kDa. 
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11. The method of claim 1, wherein said chilosan polymer 
has a degree of acetylation of between about 0% and about 
50%. 

12. The method of claim 1, wherein said salted out 
cliitosan is washed with water and separated from said 
aqueous acidic solution by centrifugation. 

13. .A. chitosan preparation obtained by the metliod of 

claim 1. 

14. Tlie chitosan preparation of claim 13, wherein said 
preparation is suitable for himian consumption and biomedi- 
cal applications. 

15. Tlie chitosan preparation of claim 13, wherein said 
preparation is substantially free of chitosanase. 

16. Tlie chitosan preparation of claim 13, wherein said 
preparation is substantially free of salts. 



17. The chitosan preparation of claim 12, wherein said 
cliitosan has conserved its physicocheiiiical properties after 
precipitation. 

18. Tlie chitosan preparation of claim 12, wherein said 
preparation is soluble in the aqueous acidic milieu of the 
stomach. 

19. A cliitosan preparation which: 

i) is substantially free of cliitosanase; 

ii) is suitable for human consumption; 

iii) is soluble in an aqueous acidic milieu such as in the 
stomach; and 

iv) is substantially free of precipitating salts. 
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APPLICANT{S) FOR DO/EO/US 

Jean-Guy Leh oux and Gilles Dupuis 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 



|/| This is a FIRST submission of items concerning a submission under 35 U.S.C. 371. 

I I This is a SECOND or SUBSEQUENT submission of items concerning a submission under 35 U.S.C. 371. 

I I This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must Include items 
(5), (6), (9) and (21) Indicated below. 

"71 The US has been elected (Article 31). 

f/l A copy of the International Application as filed (35 U.S.C. 371 (c)(2)) 

a. CZl is attached hereto (required only if not communicated by the International Bureau). 

b. [3 has been communicated by the International Bureau, 

c. EZl is not required, as the application was filed in the United States Receiving Office (RO/US). 
An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. □ Is attached hereto. 

b. □ has been previously submitted under 35 U.S.C. 154(d)(4). 

Amendments to the claims of the Intematlonal Application under PCT Article 1 9 (35 U.S.C. 371 (c)(3)) 

a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. □ have been communicated by the international Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. m have not been made and will not be made. 

An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371 (c)(3)). 
An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 



□ 
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10 [71 An English language translation of the annexes of the International Preliminary Examination Report under PCT 
Article 36 (35 U.S.C. 371(c)(5)). 

Items 11 to 20 below concern document(s) or information included: 



11. 


□ 


12. 


□ 


13. 


□ 


14. 


□ 


15. 


□ 


16. 


□ 


17. 


□ 


18. 




19. 


□ 



An Application Data Sheet under 37 CFR 1.76. 
A substitute specification. 

A power of attorney and/or change of address letter. 

A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.2 and 37 CFR 1.821- 1.825. 

A second copy of the published International Application under 35 U.S.C. 154(d)(4). 

A second copy of the English language translation of the intematlonal application under 35 U.S.C. 154(d)(4). 



This collection of information is required by 37 CFR 1.414 and 1.491-1.492. The infomiation is required to obtain or retain a benefit by the public, which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 15 minutes to complete, 
Including gathering information, preparing, and submitting the completed form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time vou require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Departrnent of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Mail Stop PCT, 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. Page 1 of 3 
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U.S. APPLICATION NO. (if knovwi. see 37 CFR 1 .5) INTERNATIONAL APPLICATION NO. 

Pa/CA2004/002202 


ATTORNErS DOCKET NUMBER 
2003390-0032 


20. Other Kenfis or information: 

international Searcli Report 


The following fees have been submitted 
21 1 ,/ 1 Basic national fee (37 CFR 1 AS7(sW ^tnii 


CALCULATIONS PTO USE ONLY 


$ 300 




22. y/" Examination fee (37 CFR 1 .492(c)) 

If the written opinion prepared by ISA/US or the International preliminary examination report prepared 
by IPEA/US indicates all claims satisfy provisions of POT Article 33(1)-(4) $0 


$ 200 




23. 0 Search fee (37 CFR 1.492(b)) 

If the written opinion of the ISA/US or the International preliminary examination report prepared by 

IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4) $0 

Search fee (37 CFR 1 .445(a)(2)) has been paid on the international application to the USPTO as an 

International Search Report prepared by an ISA other than the US and provided to the OfRce or 
previously communicated to the US by the IB $400 


$ 400 




TOTAL OF 21,22 and 23 = 






[— 1 Additional fee for specification and drawings filed in paper over 100 sheets (excluding 

sequence listing in compliance with 37 CFR 1 .821 (c) or (e) or computer program listing in an 
electronic medium) (37 CFR 1.4920)). 

The fee is $250 for each additional 50 sheets of paper or fraction thereof. 


$ 




Total Sheets 


Extra Sheets 


Number of each additional 50 or fraction 
thereof (round up to a whole number) 


RATE 


-100 = 


/50 = 




x$250 


Surcharge of $130.00 for furnishing any of the search fee, examination fee, or the oath or declaration 
after the date of commencement of the national stage (37 CFR 1.492(h)). 


$ 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 


$ 


Total claims 


19 -20 = 




X $50 


$ 




Independent claims 


2 -3 = 




X $200 


$ 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) 


■1- $360 


$ 




TOTAL OF ABOVE CALCULATIONS = 


$ 




□ Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by 






SUBTOTAL = 


$ 




Processing fee of $1 30.00 for furnishing the English translation later than 30 months from the earliest 

claimed priority date (37 CFR 1.492(i)). + 


$ 


TOTAL NATIONAL FEE = 


$ 900 


Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be accompanied 
by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 


$ 


TOTAL FEES ENCLOSED = 


$ 900 




Amount to be 
refunded: 


$ 




Amount to be 
charged 


$ 



FORM PTO-1390 (REV. 07-2005) 



Page 2 of 3 
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□ 
□ 



A check in the amount of $ . 



. to cover the above fees is enclosed. 



Please charge my Deposit Account No. 

A duplicate copy of this slieet is enclosed. 



. in the amount of $ . 



. to cover the above fees. 



The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any oveipayment to Deposit 
Account No. . A duplicate copy of this sheet is enclosed. 



0 



Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card Information should not 
be included on this form. Provide credit card infonnation and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be filed 
and granted to restore the International Application to pending status. 



SEND ALL CORRESPONDENCE TO: 





IGNATURE 
Valarie B. Rosen 



NAME 
45,698 



REGISTRATION NUMBER 
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